ABSTRACT
INTRODUCTION
The focus of this study, the Epsin N-terminal homology (ENTH) domain, is one of the bettercharacterized protein modules that employs an amphipathic helix for membrane integration.5 Amphipathic helix insertion is one of the most commonly employed modes of membrane-protein associations and is used to tune the protein membrane residence all the way from transient to permanent attachment.u-* In general, amphipathic helices integrate parallel to the membrane surface where the helix polar residues contact the lipid headgroup while its nonpolar portion lie in the glycerol backbone region.
The importance of amphipathic helices in recognizing and modifying the lipid environment has been increasingly appreciated in recent years.n 1t The wealth of information regarding ENTH and its numerous, potential membrane association modes commends ENTH for a case study regarding the details of membrane interactions of peripheral membrane proteins.
ENTH itself is commonly found in proteins that mediate interactions with clathrin, ubiquitin, and other coat proteins.12 '13 Investigations of ENTH structure and function were previously conducted using a variety of experimental techniques.''t*-t' In Epsin (Eps15 interacting protein where ENTH was originally identifiedte), binding of phosphatidylinositol (4, 5) -bisphosphate (Ptdlns(4,5)Pr) leads ro the folding of an amphipathic helix from an unstructured N-terminal segment.s Ptdlns (4, 5) Pz provides the majority of specific interactions between ENTH and lipids. However, the protein's affinity to membranes is further augmented by electrostatic attraction between clusters of basic residues and negatively charged lipids, as well as integration of hydrophobic residues into the glycerol backbone-acyl chain interface.'t Since the individual contributions of the different mechanisms can usually not be discerned, the complex interaction and binding process is often described using an average binding constant. However, it should be noted, that such binding affinities are only really valid for a particular membrane composition and the resulting surface charge scenario. In the case of highly charged membranes ENTH's effective binding energy was found to be in the mid nanomole range for ENTH.2o In this study we focus on the binding affinity of ENTH to membranes at different charges and physiological concentrations of its target lipid, ftdlns (4, 5) Pr. Imaging single molecules by total internal reflection fluorescence microscopy (TIRFM) we quantitatively measure properties of membrane association kinetics of the ENTH domain. Because in TIRFM only fluorophores within -100 nm of the interface are excited ( Figure 1-4 
MATERIALS AND METHODS
Materials All reagents and solvents were at least analytical grade and were used as supplied. 1- MSD(ndr\ N-l-n ,)'{t"fr"
where dr is the time between frames, N is the total number of frames in a specific track, n and j are positive integers specifying the time interval.
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The distribution of diffusion coefficient for individual ENTH molecules was calculated as described by Saxton.36 In Figure 4A a Figure 4C . D"of individual proteins was calculated for all tracks that exceeded t = 0.65s by analyzing the first 50 frames of the particle's trajectory. The individual steps taken by the same particle per time delay are averaged and calculated according to D,= r'146t where 6t = 13 ms. The resulting histogram of diffusion coefficients from single tracks is plotted in Figure 4C . The dashed line represents the fit using equation 4 (using D"t= 1.3 pm2/s) and clearly demonstrates that the observed data are not well described by a single 2D diffusion process.
However, we obtained the best fit by assuming that ENTH can undergo three different diffusion processes at the membrane. A linear combination of the expression above gives the fit plotted as a solid black line in Figure 4C (The resulting diffusion coefficients and corresponding weights are: D",= Figure 1S presents stepwise bleaching characteristics and Figure 25 shows the distribution of intensities in order to demonstrate ENTH is a monomer in our measurements. Figure 35 Analysis and comparison of simulated and experimental data. Fluorescence lntensity in a.u" x10a 
